In this article the optimisation of pipe network with hot water is presented. The mathematical model, consisting of the non -linear objective function and system of non -linear equations for the hydraulics limitations is developed. On its basis the computer program for determination optimal tree path with the use of simplex method was solved. For economic estimation the capitalized value method, which consider all costs of investment and operation was used. The results are presented for real case study network with 24 nodes and 33 pipe sectors.
Introduction
Nowadays efforts connected to energy savings demand the search for new technical scientific expertise in the field of heating techniques [1 -4] . The focus of research is on better and more efficient use of primary energy [5] .
If we limit ourselves to district heating energy systems, we may state that these systems ensure savings in the process of use of primary energy and are acceptable from the ecological point of view. Greek symbols density friction factor coefficient of local losses pump efficiency
The whole system is represented as a non-linear target function by non-linear equations of hydraulic limitations and by minimizing the non-linear function the optimal design and dimensions of the pipe network are defined [6, 7] .
One method for modelling pipe networks is by linear programming, consisting of optimisation with limitations [8] , meaning the search for the best possible, optimal solution of the stated problem within given conditions. Nowadays two methods for solving linear programmes are used, both of them interactive, searching for a gradually better solution, until the optimum value is achieved.
Mostly, simplex methods focused on searching for permissible solutions within the monotonous defined extreme point of the convex polyhedron of possible solutions and a defined base of the vector space, are used.
District heating systems
District heating systems are intended for the distribution of heat energy by a fluid from a heating source to different users [9, 10, 11] . The pressure losses of the system are defined by the non-linear Darcy-Weisbach equation [12] :
The Darcy friction coefficient ( ) is a function of the Reynolds number. In the range of the laminar flow the pressure losses depend only on the fluid viscosity, but in the range of turbulent flow the decisive factor is the relative pipe roughness coefficient, which depends upon age, corrosion and pipe material. 
The linear programming method
At the beginning the optimisation problem has to be designed. The common configuration of the mathematical model of the linear optimisation problem with m limitations and n variables is [14, 15] : 
The mathematical model (2) is soluble with a simplex algorithm [16] . 
The possible surplus is subtracted and the non-equation becomes an equation:
The additional variable (x n+1 ) was added and we now have to consider this with conditions, but it has no influence on the objective function due to the fact that its
This modified linear programme is complemented with artificial variables (x n+m+1 ) to find the primary interior point
where the simplex calculations are to begin.
We complement the objective function with a new variable and ascribe to it the coefficient (c n+m+1 ): 
The artificial variables serve for determination of the base allowed solution. In the last step the objective function is transferred from the minimum type to the maximum type:
Due to the fact that the first result is not necessarily optimal, we execute the optimality test. If the solution is not optimal a new base is required.
Optimisation of pipe network
For an effective and accurate description we handle the pipe network as a linear, directed graph, where the fluid entrance points are named as supplied nodes, fluid exit points are user nodes and the nodes where no external inflow or outflow is present as fictive nodes [17, 18] .
If we define the number of pipes as N c and N v as the number of nodes for the tree pipe network then the number of nodes is always less than the number of pipes for the structure with loops.
The fluid flow in the net has the direction from the node with higher pressure to the node with lower pressure and is from i to j positive and in the other direction negative. With that we have to consider the first Kirchoff`s law which says that the sum of all flows into a node equals the sum of all outflows.
The optimal path with minimal transport costs can be defined by two methods of linear programming, the transport method and the simplex method.
Garbai and Krope present a graph-theoretical method to set up a network with optimum operational costs. Their method is based on the Bellmann optimum principle and the application of discreet dynamic programming [19] .
The mathematical model for defining the optimal tree path consists of the objective function of capitalised costs C(q v ) that is minimised. 
The financial analyse of district heating system
As the lifetime of warm water pipe networks is limited, let us suppose that after that lifetime the network is substituted by a new one. Pumps needed to transport fluids through the pipe network have an essential shorter lifetime than the pipe itself. If we are going to evaluate the project with the future or present value method the overall lifetime of all equipment parts has to be known. The capitalised costs method is used; including all costs of investment and operation to infinity [20] . The capitalised costs are the present value of investment costs repeating to infinity and are presented as formula:
And the equation (10) Within defining the annual costs they start from the start of the pipe network operation and end with the closure of the pipe network operation and are presented at the end of each year in equal portions. Between the annuity costs and capitalised costs the following dependence is valid:
Defining the fluid transport costs over the pipe network we have to consider that the initial investment costs are very high. In the first step we define the costs of insulated pipes that are a function of the diameter with the following equation:
The conversion on standard diameters is done with the use of economic method and is presented in [21] .
The investment value for pumps depends on the utilisation rate and the pump price calculated per watt of power, the flow volume and the pressure drop that arises with the increase in pump capacity.
The pumping costs depend on the electrical energy price, the pump power and the operational lifetime of the pipeline. (15) The construction costs depend on pipe diameter in defined pipe sectors and on the construction site environment of the pipe network.
(17) Figure 4 shows the relationship between the pipe costs, pump and pumping costs and costs for constructions. Figure 5 : Algorithm for determining the optimal branch tree path and pipe diameters
The Optimisation of the District Heating System
The simplex method and the capitalised costs method were used for the optimisation of the district heating system ( Figure 6 ).
The network consists of 33 pipeline sectors and 24
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Results and discussion
By using the developed computer programme, which enables optimization of the pipe network using the simplex method two optimal branch trees was defined.
The first optimal branch tree, Figure 7 and tables 4, 5, 6, was received by Version 1. This is for the case when at passage on standard diameters we consider only pipe costs while in objective function we consider all costs (C 1 , C 2 , C 3 and C 4 ). Of some interest are the influences of price changes of construction work, pumps and electrical energy regarding the course and characteristics of the branch tree pipe network.
With equal construction and pump costs, if the costs of electric energy increase by 50% we get by the first version the third path ( Figure 9 ) and by the second version second path. 
Conclusion
Determination by the optimal tree branch path was executed using the simplex method. The basic factors for determination of the path are economy and functionality of the tree pipe network. Because the solution of nonlinear systems requires the use of computers, a computer programme was developed, which considers all the limitations and requests of the given case.
The programme enables, after the determination of the optimal branch tree path and capitalised costs, also variations of different influential parameters and the evaluation of their influence on the district heating system as a whole. The optimal path, defined by the programme is not necessarily the shortest path, due to the fact that the branch tree pipe network is a function of the minimising both the investment and operational costs.
Within defining the optimal branch tree path the results
show the importance of which costs do we consider into objective function and which costs do we use at passage on standard pipe diameters, also the construction and operating costs of the system have important role. The path itself varies with the changing of construction costs, pump and electric energy costs. With their increase the investment, operational and maintenance costs also go up.
Therefore using the simplex method for each sole case the solution, representing the most reasonable fluid transport path from entering nodes to exiting nodes, was selected. 
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